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In recent years the high fixed cost of confinement swine finishing buildings, coupled 
with increased pressure from environmental, community, and animal welfare groups on 
confinement hog production, has caused producers and researchers to look for lower cost 
alternatives that are perceived to be positive for the environment, community, and animal 
welfare. One of the alternatives recently adopted is hoop buildings (Honeyman et al., 2001). 
Hoop buildings became available to Iowa swine farmers in the mid 1990's, and extensive 
research began to study hoop buildings and their application as a profitable housing system in 
today's swine industry. In 1997, the Hoop Research Complex (HRC) was built to conduct 
research and demonstrate swine finishing practices in hoop buildings at the Iowa State 
University Rhodes Research Farm near Rhodes, Iowa. Three hoop buildings (9.14 X 18.3 m) 
each with capacity of 150 pigs and one conventional, mechanically ventilated, confinement 
building were erected to study the two swine housing systems. Researchers wanted to 
investigate several questions, including seasonal effects on finishing pig lean gain and feed 
efficiency, labor requirements, and behavioral differences between market pigs in the two 
housing groups (Honeyman and Harmon, 2003). 
A hoop building is a large open air facility with a quonset-shaped structure made 
from a tarp pulled tightly over arched trusses (MWPS, 2004). Side walls (l.22 to 1.83 m) 
made of lumber make up the longer two sides of the hoop, and the two shorter ends are open. 
During winter months the north end of the building is closed to reduce cold drafts on pigs. 
There is a concrete pad on one end of the structure where waterers and feeders are placed. 
Hoop building dimensions are variable, but are designed so they are about twice as long as 
they are wide. 
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Contrary to confinement buildings with slatted floors, hoop buildings are usually 
earthen floored structures using a deep bedding pack of straw or cornstalks. The bedding 
pack is added to as needed during the finishing phase to avoid excessive wet spots and is then 
completely removed after the marketing of the finishing pigs. Additional space and a deep 
bedding pack allow pigs to exhibit more normal behavior and reduce aggression toward other 
pigs in the group (Lay et al., 2000). 
In this study, pigs raised in hoop buildings and a conventional finisher were weighed, 
and backfat and loin muscle area measurements were taken using an ultrasound machine five 
times during the finishing phase. This data were used to evaluate environmental effects on 
growth and development, and on the deposition of loin muscle and backfat of pigs in the two 
housing systems. 
Thesis Organization 
This thesis contains four parts, general introduction, literature review, journal article, 
and a general summary. The article in Chapter 3 was prepared for appropriate submission to 
the Journal of Animal Science. 
References Cited 
Honeyman, M.S., J.B. Kliebenstein and T.L. Richard. 2001. Iowa hoop structures used for 
swine: a survey. ASL-Rl 780, Swine Research Report. AS-646. ISU Ext. Serv., Ames,Ia. 
Honeyman, M.S. and J.D. Harmon. 2003. Performance of finishing pigs in hoop structures 
and confinement during winter and summer. J. Anim. Sci. 81: 1663-1670. 
Lay, D.C., M.F. Haussmann and M.J. Daniels. 2000. Hoop housing for feeder pigs offers a 
welfare-friendly environment compared to a nonbedded confinement system. Journal App. 
Anim. Welf. Sci. 3(1): 33-48. 
MWPS. 2004. Hoop structures for grow-finish swine, AED-41. Iowa State University, 
Ames, IA. 24pp. 
3 
CHAPTER 2. LITERATURE REVIEW 
Hoop Building History and Development 
The use of hoop type buildings was developed more than 15 years ago. Japan's 
horticulture industry developed tunnel housing to increase production and reduce risk due to 
inclement weather. Swine producers quickly adapted these structures for finishing pigs 
(Gadd, 1993). Later, researchers in Canada looking for a low cost alternative to conventional 
swine production studied the performance of pigs finished in hoop buildings (Connor, 1993, 
1994). Iowa producers began using hoop buildings in the mid-nineties and the technology 
was rapidly adopted. A survey by Honeyman et al. (2001) showed there were 2,100 hoop 
buildings in Iowa being used for swine production. 
Japan's Tunnel Housing 
As Japan's population continues to grow, farmers have searched for ways to intensify 
agriculture by producing more with an increasingly smaller land area. Only 17% of the land 
area in Japan is used for agriculture. Much of Japan's agricultural industry involves 
horticultural crops. The use of plastic sheeted tunnel houses to create greenhouses has 
greatly intensified horticultural production in Japan. Swine farmers adapted the tunnel house 
idea and modified it to intensify the production of both sows and finishing pigs. By 1992, 
more than 500,000 finisher pigs were fed in tunnel housing systems. Tunnel housing was 
initially placed over slatted confinement pens and later the floors were changed to a deep 
litter system. The use of tunnel housing for swine production reduced the fixed costs of 
finishing pigs while also eliminating the need to handle manure in a liquid slurry form. 
Sawdust and wood shavings are used as the bedding pack. After the finishing pigs are 
marketed, the bedding pack is removed and composted. A significant amount of the 
composted bedding is placed back in the tunnel house and used again. Results from feeding 
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trials indicated at least a 40% reduction in fixed costs and pigs performed as well or better 
than pigs in a conventional finisher (Gadd, 1993). 
Canada's Hoop Shelters 
In the late eighties, Canada's swine producers were looking for a low cost alternative 
housing system to conventional finishers. Adapting the idea of tunnel housing system at the 
Ishigami-farm in Japan, the hoop shelter was developed in Manitoba, Canada. There were 
many questions regarding the feasibility of using hoop shelters as grow/finish buildings and 
research was done by M.L. Connor. Seven trials were conducted studying animal 
performance, diet formulation, feeding strategies, animal health, stocking rate, seasonal 
temperatures, and animal welfare (Connor, 1993, 1994). Five of the seven trials compared 
hoop shelter pigs to confinement pigs. Pigs in those five trials were fed the same diets. The 
last two trials did not feed the same diets to the two finishing groups. Connor (1993, 1994) 
concluded that pigs finished in naturally ventilated, straw bedded, hoop shelters performed 
similarly to grow/finish pigs in conventional partial slatted confinement buildings. These 
hoop shelters were later adopted by U.S. swine producers where they are called hoop barns, 
structures, or buildings. 
Hoop Buildings in Iowa 
Iowa swine producers looking for low cost alternatives to conventional production 
practices began using hoop buildings when they became available in the mid-nineties. By 
1996, there were approximately 1,500 hoop buildings in production in Iowa, the majority of 
those buildings being used for finishing pigs. In 2001, a survey of area extension specialists 
estimated there were 2, 100 hoop buildings being used for swine production in Iowa. Ninety 
percent of hoop buildings were being used for finishing pigs while the other ten percent were 
used for sow gestation housing. The estimate suggests that over 1 million market hogs are 
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finished in hoop buildings annually, or 4% of Iowa's annual market hog production. The 
adoption of this new technology has occurred rapidly because hoop buildings have only been 
available to Iowa producers since 1995 or 1996 (Honeyman et al., 2001; Honeyman and 
Harmon, 2003; MWPS, 2004). The 2001 survey done by Honeyman et al. (2001) shows that 
swine producers are looking for a viable, versatile, low cost alternative to conventional 
production systems. Today hoop buildings come in a variety of sizes and styles and are 
made by several manufacturers throughout the United States and Canada. A current listing 
of these companies was compiled by the Iowa State University Agricultural and Biosystems 
Engineering Department and be found can be found at the following website: 
www .abe.iastate.edu/li vestock/hoop _structures. 
Housing Effects 
Thermal Environment 
As energy prices rise, conventional climate-controlled swine finishers have become 
increasingly more expensive to operate. As producers look for less expensive building 
options, it becomes challenging to maintain the buildings' thermal environment. Research by 
Tanaka and Xin ( 1997) studied the thermal performance of hoop-type buildings for swine 
production in Japanese climatic conditions. Objectives of the study included quantifying 
thermal characteristics, particularly internal temperature and air flow distribution, of a hoop 
building for swine in Japan. The researchers designed a building 3.55 x 5.7 x 10.3 m with 
both an outer and inner tarp covering that were 20 cm apart. Research was conducted using 
model pigs to simulate sensible heat production. Tanaka and Xin ( 1997) evaluated the 
presence and absence of an internal curtain on thermal measurements. They also replaced 
the reflective cover on the east side with PVC film to study the effects of transmitted solar 
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radiation on the building. The researchers concluded that the temperature inside the hoop 
building was 6.9°C higher than the outside temperature. Also when the PVC film was added, 
the inside temperature was 7.6°C higher than outside (Tanaka and Xin, 1997). 
Researchers Harmon and Xin ( 1996) placed sensors both inside and outside of a hoop 
barn used for finishing pigs at the Iowa State University Rhodes Research Farm near Rhodes, 
IA. Measurements were taken every 30 sec and then averaged over 30 min. Average, 
maximum, and minimum indoor temperatures plus average relative humidity (winter trial 
only) for the winter and summer trials were taken. Results indicated that during the coldest 
portion of the winter, the inside temperature of the hoop building was 3.3 to 4.4° C higher 
than the outside temperature. During the summer trial the inside temperature was 1.1 ° to 
2.2° C cooler than the outside temperature (Harmon and Xin, 1996). The bedding source 
provides comfort to the pig by reducing heat loss in the cold season and can amount to a 3.9° 
C increase in the pigs microenvironment (MWPS, 2004). 
Hoop buildings are designed to be cold barns and should be managed accordingly. 
The nature of hoop buildings is to protect pigs from snow and wind in the winter and sun and 
rain in the summer. Cold barns with dry bedding in the winter create a suitable micro 
environment for pigs in the bedding. Hoop buildings should not be tightly closed in the 
winter in an attempt to keep warm air inside. A reduction in ventilation will cause an 
increase in moisture and may lead to compromised health (MWPS, 2004). 
Bedding Pack 
Hoop buildings are open-air and often earthen-floored structures. Bedding is used to 
create a more comfortable environment for the pig. Bedding reduces drafts, reduces sensible 
heat loss, and allows pigs to exhibit more normal behavior, thus reducing aggression towards 
other pigs (Lay et al., 2000). In the Midwest, large round bales of cornstalks have been used 
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as a bedding source. Other bedding alternatives exist and include straw, sawdust, and wood 
shavings (MWPS, 2004). After placement in the hoop building, pigs immediately establish 
dunging areas. Bedding is added as needed when the bedding pack becomes wet and should 
be deep enough to keep soil under pack dry (MWPS, 2004). Over the finishing phase, 
bedding, feces, and urine accumulate, creating a pack. After pigs are moved from the 
facility, the bedding pack is removed and composted or spread on surrounding agricultural 
land. According to the Midwest Plan Service (2004 ), pigs use about 1/3 less bedding in the 
summer months than in the winter. On average, 90.7 kg of cornstalks per pig marketed are 
needed to create a dry environment. Using bedding increases labor costs because of the extra 
time bedding and cleaning the building. Producers agree that 10 to 15 h of labor is needed to 
clean and haul the bedding pack after each group of finishing pigs is marketed (MWPS, 
2004). 
Pen Size 
Hoop building pen size differs from conventional confinement building pen size. 
Hoop buildings are large open-air, naturally ventilated structures where pen size is usually 
the area of the building. Confinement buildings often have many smaller pens where 15 to 
30 pigs are housed per pen. At the Iowa State University Hoop Research Complex at the 
Rhodes Research Farm, hoop buildings dimensions were 9.1 m x 18.3 m and each hoop 
building was one pen. The confinement building houses 22 pigs per pen and has an area of 
4.1 m x 3.96 m. Two round feeders with twelve spaces each, and two waterers with two 
spaces each were used in each hoop building. In the confinement building, one round feeder 
with eight spaces and four nipple waterers were used in each pen. 
To ensure adequate pen space for pigs to grow, pen size must be large enough that it 
accommodates pigs at their heaviest weight (MWPS, 2004). All pens should be designed so 
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there is enough lying area for all pigs stretched out side by side, with an additional 20 to 50% 
of the space used for activity and dunging. Bedded systems have about 50% more space 
allotted per pig than conventional confinement systems. This is economically possible 
because of the low cost of construction. 
A study done by Schmolke et al. (2003) studied the effect of pen size on performance, 
tail biting, and use of multiple feeding stations. Groups of 10, 20, 40, and 80 pigs per pen 
were used for the experiment. All pigs were allowed .76 m2 of floor space and a single space 
wet/dry feeder was supplied for every 10 pigs in each pen. Every two weeks weight gain and 
feed intake were measured and at that time a tail biting injury score was assigned to each pig. 
According to Schmolke et al. (2003), there was no difference in average daily gain between 
group sizes. Average daily feed intake, feed efficiency, and variability in final BW within a 
pen also was not different in this study, and the proportion of pigs removed from the study 
for animal health or welfare reasons did not differ among group sizes. 
A study to examine the effects of group size on performance and feeding patterns was 
done by Hyun and Ellis (2002). Groups of 2, 4, 8, and 12 pigs were used for the experiment 
over a four-week period. Pigs were fed ad libitum, a corn-soy based diet, and floor 
allowance was 0.9 m2 for all groups. Results indicated that growth rate, feed intake, and feed 
efficiency were not different among groups. However, number of feeder visits by a pig 
decreased as group size increased. Likewise, feed intake per visit, feeder occupation time, 
and consumption rate all increased as group size increased. Hyun and Ellis (2002) 
summarized that pigs maintain their growth rate and feed intake by modifying their feeding 
patterns and behavior as group size increased from 2 to 12 pigs per pen. 
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Pig Density 
In hoop buildings, stocking rates are usually about 0.975 m2 per pig. This area is 
split, having 0.650 m2 of the 0.975 m2 used for the deep bedded area and the remaining used 
for the concrete pad where the waterers and feeders are placed (MWPS, 2004). 
Larson et al. (2002) studied the economic effects of raising finishing pigs in hoop 
buildings under three different stocking rates. Stocking rates in the three groups were 0.836, 
0.975, and 1.14 m2 per pig. It should be noted that 1.14 m2 per pig is the stocking rate in 
which most of the previous hoop finishing trials had been conducted. Panels were used to 
restrict the bedded area to obtain the specific stocking rate. Research showed a decrease in 
pen space per pig from 1.14 m2 to .975 m2 did not affect average daily gain and feed 
efficiency significantly. However, the decrease in pen space per pig from 0.975 m2 to 0.836 
m2 resulted in a reduction of average daily gain and feed efficiency, as well as an increase in 
death loss. The economic impact of the differing stocking rates was notable. Net revenue 
per pig in the hoop buildings were $17.49 (0.836 m2), $22.41 (0.975 m2), and $19.79 (1.14 
m\ This compares to net revenue for the confinement building of $16.25 per pig (Larson et 
al., 2002). Because of this study, MWPS (2004) suggests allowing 0.975 m2 for finishing 
pigs housed in hoop buildings. 
Production Comparisons of Hoop and Confinement Buildings 
During summer and winter seasons for 3 yr ( 1998 to 2001 ), six trials were conducted 
at the Rhodes Research Farm near Rhodes, IA comparing hoop and confinement buildings 
(Honeyman and Harmon, 2003). A total of 3,518 pigs started the trials. One totally slatted 
conventional confinement finisher with six pens holding 22 pigs per pen, and three hoop 
buildings holding 150 pigs per hoop were used in the study. Summer trials were June 
through October, and winter trials were December through April. Pigs were scanned using 
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ultrasound before harvest for backfat and loin muscle area. Annual comparisons showed that 
hoop-fed pigs had more backfat (21.8 ± 0.3 vs20.8 ± 0.2 mm), smaller loin muscle area(41.3 
± 0.3 vs 43.0 ± 0.2 cm2), less lean percentage (51.1±0.2 vs 52.1±0.1 %), and less yield 
(74.9 vs 75.8 ± 0.1 %) than confinement-fed pigs. In summer, hoop-fed pigs had greater ADG 
(834 ± 5 vs 802 ± 3 g/d), required fewer days to 113 kg (174.9 ±0.9 vs 178.5 ± 0.6 d), and 
had similar ADFI (2.40 ± 0.03 vs 2.35 ± 0.02 kg/d, as-fed basis) and gain:feed (G:F; 348 ± 4 
vs 342 ± 3 g/kg) compared with confinement-fed pigs. During winter, hoop-fed pigs had 
similar ADG (794 ± 5 vs 801 ± 3 g/d), required more days to 113 kg (176.7 ± 0.9 vs 172.9 ± 
0.6 d), had greater ADFI (2.54 ±0.03 vs 2.35 ± 0.02 kg/d, as-fed basis), less G:F (313 ±4 vs 
341±3), less lean gain/day (312± 2 vs 322 ± 1 g/d), and less efficiency of lean gain (130 ± 2 
vs 144 ± 1 glean gain/kg feed) than confinement-fed pigs. The study showed that pigs 
finished in Midwest hoops in summer were competitive to confinement finished pigs. In 
winter, confinement pigs performed better. This study shows that thermal environment plays 
a role in performance of pigs finished in hoop buildings. Connor (1997) studied the use of 
hoop structures for grower and finisher pigs at the Glenlea Reasearch Station, University of 
Manitoba using pigs of similar genetics. All pigs were finished in an all-in/ all-out system 
and bedding was removed after each group was marketed. Hoop building performance was 
compared to the control which was a partially slatted confinement building. In the summer 
(May to August), ADG in hoops in the grower phase (25 to 60 kg) was lower than the 
confinement building (0.78 vs. 0.91 kg). However, hoop-reared pigs (60-100 kg) rebounded 
and grew faster than the confinement pigs in the finishing phase (1.00 vs. 0.93 kg/d) 
(Connor, 1997). In the winter season (Nov. 1994-Feb. 1995), hoop buildings reached 
temperatures well below 0° C at pig height while the confinement building remained between 
15-20° C. These cold temperatures did not slow growth of hoop-reared pigs (ADG 0.89 vs. 
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0.92 kg). However feed:gain was poorer in the hoop buildings than in confinement (3.09 vs. 
2.78) (Connor, 1997). In both seasons market age, market weight, yield, and mortality were 
all similar. Connor (1997) states that the hoop building concept requires good stockmanship 
skills to be effectively managed, but could be economically successful for market hog 
production. 
Economic Comparison of Hoop and Confinement Buildings 
Over the last decade the U.S. swine industry has seen extreme volatility in its 
markets. Producers are now faced with new challenges including diminishing margins, 
environmental regulations, animal welfare concerns, and competition for shackle space at 
harvesting facilities. These challenges make the decision of choosing production facilities 
and systems much more critical to the success and profitability for swine producers. 
Work by Kliebenstein et al. (2003) made economic comparisons between hoop 
building finishing systems and confinement building systems. Several components of the 
production systems were studied including fixed costs, pig performance, variable production 
costs, and marketing. 
When deciding which production system to implement, facility costs are one of the 
most important factors. Confinement systems are higher investment systems while pasture 
and hoop building systems are lower investment systems, and there are several other housing 
systems that fall in between. Confinement finishing systems are the most capital intensive, 
and investment levels can range from $150 to $200 per pig space depending on ventilation 
style, size, manure handling and storage, and water sources (Kliebenstein et al., 2003). 
Confinement buildings are more sensitive to economies of scale than other systems, and as 
the size of the facilities increase, the cost per pig space becomes cheaper. Expected life of 
confinement buildings is longer than alternative systems and the building can be depreciated 
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over a 7 to 10 year period. Because of the higher investment costs, confinement systems are 
also much more sensitive to interest rates than are alternative systems. Even slightly higher 
interest rates can cause a dramatic shift in cost per pig space (Kliebenstein et al., 2003). All 
of these factors place an added importance on pig flow, maximizing production, feed 
efficiency, average daily gain, and throughput in confinement swine systems. 
Hoop systems are not capital intensive and have substantially lower investment costs 
of $40 to $70 per pig space. They have a shorter life span of 7-15 yrs and are typically 
depreciated over five years. This lower investment cost allows more flexibility in the system, 
and the building can also be alternatively used for grain, machinery, or forage storage. This 
flexibility can allow the producer to enter and exit the industry with minimal losses from 
empty facilities (Kliebenstein et al., 2003). 
Because feed costs typically account for 65% of total production costs in finishing, 
variable costs can change total cost of production significantly, and differences in fixed costs 
are quickly offset by differences in average daily gain and feed efficiency in hoop and 
confinement systems. Also, labor and death loss can vary greatly (Kliebenstein et al., 2003). 
Typically confinement buildings have superior performance and lower variable costs in year-
round production than hoop buildings, which is mainly due to performance differences in the 
winter months between the two systems. A major advantage of confinement production 
systems is its improved feed efficiency compared to hoop buildings of as much as 0.1 to 0.2 
less kg of feed per kg of gain than hoop buildings. This means a feed cost saving of roughly 
$1.20 to $2.40 per pig marketed (Kliebenstein et al., 2003). When considered over a whole 
production year, confinement buildings also have a slightly higher average daily gain of 41 
g/d, with much less variability in pig growth between both pigs in a group and groups of 
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pigs. According to Kliebenstein et al. (2003) a difference 0.01 kg/d average daily gain would 
result in an increased profit of $.32 per pig space per yr. 
Confinement systems require less labor (0.05 vs. 0.1 h per pig space) than hoop 
buildings, making labor costs $.50 to $1.00 lower, assuming a wage of $10 per hour. This 
increase in labor is primarily due to the use of bedding in hoop buildings and can add $3 to 
$6 cost per pig to hoop building production (Kliebenstein et al., 2003). 
Marketing is also a key component in comparing the two production systems. 
Confinement systems maintain an advantage in carcass yield and lean value. Kliebenstein et 
al. (2003) used examples that translate into an additional $1.95 of revenue per confinement 
hog marketed. 
Each building system offers both positives and negatives from an economic 
standpoint, and it is important that producers understand the differences between the two 
systems before making investment decisions. 
Pig Behavior 
Conventional confinement buildings offer both positives and negatives relative to 
animal welfare. Animals are protected from the environment and temperature can be kept at 
a more constant rate than in open-air structures. Predators and vectors which may cause 
disease can also be better controlled. However, stereotypic behaviors and lameness are more 
common using conventional confinement finishing buildings (Lay et al., 2000). 
These animal welfare issues were examined more closely at the Hoop Research 
Complex at the Rhodes Research Farm near Rhodes, IA by Lay et al. (2000). The work 
attempted to quantify behavior of pigs finished in hoop buildings and pigs raised in 
conventional confinement buildings. In two trials, pigs were monitored by three trained 
observers for 15 min. per pen treatment (hoop or confinement). At the end of 15 min., 
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observers rotated to the next pen treatment until all pens had been observed. For thirty min. 
no data was recorded and then the observations were repeated. This timeline was repeated 
four times throughout the day. All abherrant behaviors were recorded which included bar 
biting, repetitive chewing or biting, belly nosing, anal massage, and urine drinking. Also, 
any manipulating of one pig by another was recorded and included any biting, chewing, or 
rooting on another pig's body besides the belly, tail, and ear (Lay et al., 2000). One month 
after pigs were introduced to their respective buildings, pigs were observed for four days. 
All aggressive encounters were recorded during the 15 min. observation times. Aggressive 
encounters were labeled any interaction with a pen mate that had potential to cause harm, like 
biting and pushing. In addition to aggressive behavior, play behavior was reported which 
consisted of running and spontaneous scampering, as well as chasing. Pigs remained in their 
treatment groups until harvest in both experiments (Lay et al., 2000). 
Stress tests, consisting of handling, were done to ten randomly selected pigs from 
each treatment at approximately three mo. of age. One castrate pig was herded into the alley 
outside of the pen treatment. The alley for both treatments was 0.61 m wide x 21.3 m long. 
Pigs were herded to one end designated as the starting point and respiration rate was 
recorded. Pigs were then snared and a blood sample was collected. Upon collection the pig 
was herded up and down the alley for three minutes, then respiration rate was recorded and a 
blood sample was taken. Leg injuries were also evaluated based on the number and severity 
of swollen joints and abrasions pigs had on their legs. 
Results indicated that all abherant behaviors except two, urine drinking and 
mounting, were performed at a higher frequency in the confinement building system than the 
hoop building system. Also, more aggressive behavior and less play behavior was also 
recorded in the confinement pigs versus the hoop pigs. These data indicate that the welfare 
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of pigs in hoop buildings is better than that of pigs raised in confinement. Hoop pigs also 
had a lower stress level after handling according to their blood coritisol levels (Lay et al., 
2000). 
Growth 
Finishing Pig Growth and Development 
Growth in animal production is usually synonymous with weight gain from 
conception to maturity (Brody, 1945). Brody (1945) defines growth as "the constructive or 
assimilatory synthesis of one substance at the expense of another (nutrient) which undergoes 
dissimilation." Thus, the efficiency of growth is the ratio of energy stored vs. the energy 
consumed (Brody, 1945). 
The chemical composition of the whole body of a growing pig is 64% water, 16% 
protein, 16% lipid, and 3% ash (Whittemore, 1998). At any given weight and sex, higher 
levels of feeding will increase fat deposition, and at any given weight and level of feeding, 
intact males are leaner than gilts and gilts are leaner than barrows (Whittemore, 1998). As 
pigs develop, two-thirds of their fat is deposited as subcutaneous fat. Growth occurs through 
the increase of bone, fat, and lean tissue mass in the body. The most important component of 
growth is lean tissue because lean tissue growth dictates growth efficiency (Whittemore, 
1998). The standard S-shaped curve is used to describe growth in all biological systems. 
After birth, absolute growth is relatively slow. The middle of the S-shaped curve is 
designated by a steep increase in growth. As the pig reaches maturity, the growth curve 
begins to flatten out, thus giving the curve the S-shape (Pond and Mahner, 1984). Feed or 
growth efficiency is also highly influenced by genetics, sex, and environment, and the S-
shaped curve can be steeper or flatter based on the variables mentioned above (Pond and 
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Mahner, 1984; Whittemore, 1998). It is also important to note that growth can only occur if 
adequate nutrients are available to the pig (Reeds et al., 1993). 
The selection of pig populations for increased growth rate has also resulted in the 
creation of larger mature animals, due to this steepening of the growth curve (Whittemore, 
1998). In the last 50 years, there has been a great change in breeding schemes and animal 
husbandry that have increased the growth and feed efficiency of pigs from 50 to 100 kg. 
This substantial increase in growth is mainly due to a dramatic increase in protein accretion 
and muscle mass, while birth weight and actual skeletal size have remained largely 
unchanged (Reeds et al., 1993). 
Hormones Related to Growth 
Growth can be manipulated by genetics, the endocrine system, and through the 
environment. Environment includes increasing or decreasing nutrient levels, and an increase 
or decrease of environmental stressors which influence hormones antagonistic to appetite and 
thus growth. Normal growth is regulated by the following hormones in the pig: growth 
hormone (GH), insulin, insulin-like growth factors (IGFs), thyroid hormone, glucocorticoids, 
adrenaline, androgens, and estrogens (Whittemore, 1998). 
Hyperplasia and Hypertrophy 
Growth of muscle tissue occurs as two different phases: the increase in the number of 
muscle cells called hyperplasia, and an increase in the size of tlie individual muscle cells or 
fibers called hypertrophy. After conception, the majority of muscle development and growth 
is due to hypertrophy (Pond and Mahner, 1984). 
Today, consumers place an emphasis on pork that tastes good as well as being lean 
and healthy, and marketing schemes based on lean percentage of the carcass make efficient 
lean gain important in today's swine industry (Novakofski and Mccusker, 1993). The 
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amount of lean is based on two things: the number of muscle fibers and their size. Number 
of adult muscle fibers is determined at birth and hypertrophy or enlargement of these fibers 
takes place during post-natal maturation (Novakofski and Mccusker, 1993). Muscle fiber 
size is determined by the amount of protein synthesis minus the amount the animal degrades 
for maintenance. During post-natal growth the muscle fibers increase in both length and 
diameter approximately three to four times. This amounts to about a 100-fold increase in 
muscle volume from birth to maturity. Protein deposition or muscle hypertrophy are 
regulated by the same hormones that regulate growth, mainly somatotropin and insulin 
(Novakofski and Mccusker, 1993). Somatotropin directly affects muscle metabolism and 
indirectly influences muscle protein synthesis. Insulin is important because of its direct 
effect on utilization and metabolism of fuel for muscle. The two hormones are both 
important but work differently. Insulin regulates glucose and amino acid uptake while 
somatotropin modulates the availability of fatty acids as an alternative fuel source to glucose 
(Novakofski and Mccusker, 1993). Thyroid production of thyroxine and triiodothyronine 
are also important for normal protein synthesis and the removal of the thyroid will reduce 
growth by almost one third (Novakofski and Mccusker, 1993). Regulation of muscle mass is 
determined by several factors including number of muscle cells at parturition, rates of protein 
synthesis and degradation controlled by the endocrine system, and the nutrition, health status, 
and environment of the pig (Novakofski and Mccusker, 1993). 
Regulation of Adipose Tissue 
Typically as pigs get heavier in weight there is usually an increase in fat deposition 
unless feed intake is limited (Whittemore, 1998). Selecting pigs for obese or lean genotype 
for several generations markedly affects the number and size of fat cells in the pig. Serum 
levels in obese pigs had elevated adipogenic hormones and reduced levels of anti-adipogenic 
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hormones, while the opposite is true for lean genotypes (Hausman and Hausman, 1993). 
Evidence suggests that somatotropin is involved with long term metabolism, and studies 
administering somatotropin have shown to increase growth rate and efficiency while 
reducing adipose tissue growth in finishing pigs (Hausman and Hausman, 1993). It is 
believed that somatotropin causes cellular alterations that reduce lypogenesis and increase 
lypolysis (Hausman and Hausman, 1993.) 
The use of ~-antagonists have been shown to act as a repartitioning agent. 
Administering ~-antagonists like ractopamine in the finishing phase reduced adipocyte 
hypertrophy and lipogenesis, and in effect, makes hogs leaner and more efficient (Hausman 
and Hausman, 1993). 
Physical Environment and Swine Growth 
The finishing pig is surrounded by its environment. This environment includes 
temperature, humidity, air quality, pathogens, flooring, pen size, pen density, feeder shape 
and space, and waterer size and configuration (Curtis, 1993). All of these important 
environmental factors play a major role in the growth of the pig. In order to live and thrive, 
the pig must have processes to regulate its body in relation to its environment. Panting or 
shivering to maintain body temperature requires the expenditure of energy. The energy to 
resist environmental stressors is called maintenance energy (Curtis, 1993). Previous studies 
by Mount (1975) and Close and Mount (1978) found that the upper and lower critical 
temperatures for pigs weighing 25 to 50 kg to be 28 to 32° C and 14 to 17° C, respectively. 
Pigs weighing 50 to 90 kg are believed to have an upper and lower critical temperature 2 to 
4° Clower (Heitman et al., 1949; Mangold et al., 1967; Fuller and Boyne, 1972). The lower 
critical temperature is the minimum temperature at which growth can still be maximized. 
Temperatures below the lower critical temperature will increase the maintenance 
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requirements of the pig and less feed will be utilized for growth. This and other 
environmental stressors will reduce growth rate by reducing the productive synthesis of 
nutrients and diverting them to maintenance requirements (Curtis, 1993). Likewise, they 
alter other functions which cause a suppression in immune function, making pigs more 
susceptible to pathogenic disease (Curtis, 1993). Research done by Curtis (1993) also 
suggests that multiple negative environmental stressors have an additive, predictable, and 
sizable effect on growth rate, feed intake, gain, and feed efficiency. 
In a study on environmental temperature and pig growth, Stahly and Cromwell (1979) 
noted that pigs fed in a cold environment had shorter carcasses and belly weights increased 6 
percent in relation to total carcass weight between pigs reared at 
22.5 vs. 10° C. Jensen et al. (1969) studied the response of growing-finishing swine to 
different building types during winter seasons. They found that rate of gain was consistently 
lower in pigs fed in an open front building vs. an enclosed, heated building. This was due to 
cold temperatures below the pigs' lower critical temperature. Even though pigs were 
provided large quantities of straw for bedding, they still behaved differently than pigs raised 
in the enclosed building. They immediately grew longer, thicker hair coats and spent the 
majority of their time when not eating huddled together and burrowed in the straw bedding 
(Jensen et al., 1969). At lower temperatures, Jensen et al. (1969) found that feed intake was 
highly stimulated but was unable to sufficiently maintain the gains of the pigs raised in the 
enclosed heated building. 
Lopez et al. ( 1991) studied the effects of cold diurnal temperatures on performance of 
finishing swine. Forty-eight crossbred finishing pigs of mixed sex were used in each of the 
three-week trials. Two environmentally controlled chambers were used. The control 
chamber was set at a constant temperature of 20° C and average relative humidity of 55%. 
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The experimental chamber was set to cycle from -5° C from 2400 to 0600 h and 8° C from 
1000 to 1600 h. Relative humidity in the chamber fluctuated from 40 to 70%. A 10-day 
period before the trial was used to acclimate pigs to the cold temperatures. Each group 
received 11 h of light from 0700 to 1800 h, and the floor in each room was washed daily. All 
pigs were fed com-soy based diets ad libitum. Rectal temperature and respiration rate were 
taken every Tuesday and Thursday of the experiment. Gilts grew slower than barrows 
housed in the cold diurnal chamber and in general, pigs in the cold diurnal chamber grew 
27.2% slower than the control. For every degree C below 20° C pigs grew 15.5 g/d slower. 
Pigs in the cold diurnal chamber also consumed more feed (2.88 vs. 3.67 kg/day). It was 
found that the cold pigs were 43.3% less efficient than the thermonuetral pigs at converting 
feed to gain during the 21-day trial (Lopez et al., 1991). Respiratory rate was lower (24.0 vs. 
39.3) and rectal temperature was higher (39.2 C vs. 39.0 C) for cold pigs. Lower respiratory 
rates would indicate the animal is trying to reduce heat loss. Lopez et al. (1991) reported that 
Essmay (1978) found increased metabolic rate in pigs raised in environments below their 
lower critical temperature and hypothesized this could lead to higher rectal temperatures than 
the control. 
Lefaucheur et al. ( 1991) studied the growth, muscle, and adipose tissue metabolism 
and meat quality of pigs raised at temperatures of 12° C and 28° C. They reported that pigs 
raised in the 12° C environment had less muscle and more subcutaneous fat, and their thyroid 
and adrenal glands were heavier. Pigs in the 12° C group had a feed-gain ratio that was 20% 
higher than the 28° C pigs and every 1 °C drop in temperature amounted to an average 
increase of 27g/day of feed consumed. Compared to the 28° C pigs, the 12° C pigs were 
rounder and more rotund in appearance, had wider shoulders, and were shorter in both height 
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and length (Lefaucheur et al., 1991). These characteristics were previously reported by 
Jensen et al. (1969), Weaver and Ingram (1969), and Stahly and Cromwell (1979). 
Hyun et al. (1998) studied the effects of multiple stressors and their additive effect on 
finishing pig performance. Crossbred pigs were randomly selected into one of eight 
treatment groups where the environmental stressors studied included: high cycling 
temperature (28-34° C), stocking density (0.56 or 0.25m2/pig), and social group (static group 
or regrouped at the start of wk 1 and 3) during the 4-wk experiment. A seven-day 
acclimation period was given to pigs before the study started and feed intake and weight gain 
were measured every seven days (Hyun et al., 1998). Their results stated that the individual 
stressors of high cycling temperature, space allowance, and regrouping depressed growth rate 
by 10, 16, and 11 % respectively. All three concurrent stressors appeared to have an additive 
effect on weight gain and reduced growth rate by 31 %. Furthermore, by adding stressors 
from 0 to 3, performance declined in a linear fashion. These results indicate that the removal 
of one stressor even when others are uncontrollable is advantageous on pig performance 
(Hyun et al., 1998). 
Ultrasound in Swine 
Using Ultrasound to Predict Carcass Composition in Swine 
A change in consumer demand in the 1950' s to reduce fat and increase lean sparked 
research to estimate carcass composition of the live animal. The need for an accurate live 
animal measurement for carcass value was crucial for pig producers to make genetic 
improvement. This genetic improvement could add value to their operation by increasing the 
amount of lean product per pig marketed. The metal backfat probe was the first method used 
to predict carcass value of a live hog (Hazel and Kline, 1952). A small incision was made on 
the live pig at the last rib and the probe was pushed through the fat until it touched the 
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muscle. This measurement could then be used for selection of breeding stock for the 
reduction of backfat (Hazel and Kline, 1952). Later, as new technology developed, 
ultrasound was adopted from human medicine as a way to estimate the composition of live 
animals (Moeller, 2002). The first ultrasound technology used was the amplitude depth (A-
mode) machine. These machines used single quartz crystals located within a transducer. 
Ultrasound waves were directed from the transducer into the animal, and then back to the 
transducer (Moeller, 2002). As the sound waves hit fat layers and muscle, they are reflected 
back to the transducer. It was learned that the reflective properties of bone, muscle, and fat 
were all different, and thus differences in fat and muscle could be determined (Moeller, 
2002). A-mode machines were somewhat accurate at predicting backfat (Hazel and Kline, 
1959; Price et al., 1960). However, the single crystal design did not allow for easy and 
accurate measurements of loin muscle area. 
The introduction of B-mode (brightness mode) or real-time ultrasound greatly 
advanced researchers ability to measure carcass characteristics of the live animal (Moeller, 
2002). B-mode utilized multiple quartz crystals arranged in linear fashion in the transducer 
and allowed for a two dimensional image to be produced. The image occurred in real-time as 
sound waves were continuously moving to and from the transducer. Poor resolution of early 
machines still made it difficult to predict backfat and loin muscle area (Alliston et al., 1982). 
Increased resolution and extensive research at several land grant universities between the 
1970's and 1990's made using B-mode real-time ultrasound an easy and accurate method for 
prediction backfat and loin muscle area possible. 
With the introduction of value-based marketing to the swine industry, producers are 
now paid premiums on a percentage of lean basis. Using genetic selection, producers greatly 
reduced the amount of backfat to obtain premiums and increase profitability. This large 
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reduction in backfat has also reduced the amount of intramuscular fat found in the loin eye 
muscle. Recently, research to predict intramuscular fat, a large component of meat quality, 
using real-time ultrasound has begun. Newcom et al. (2002) developed a model to predict 
intramuscular fat percentage of the loin muscle in live pigs. Four longitudinal images were 
taken between the 10th and 13th rib, 7 cm off the midline of the pig five days prior to 
slaughter with an Aloka 500V SSD ultrasound machine (Newcom et al., 2002). The final 
prediction model included live animal ultrasound backfat and five image parameters. Results 
from the study showed that using real-time ultrasound to predict percent intramuscular fat in 
swine is possible (Newcom et al., 2002). 
Ultrasound Accuracy of Predicting Pork Carcass Characteristics 
The use of ultrasound has been heavily researched since the 1960's. First correct 
measurement positions were established so that data could be collected quickly and 
accurately. Then, studies were done to ensure that both the accuracy of the measurements 
and the repeatability of the measurements were statistically significant. Smith et al. ( 1992) 
used real time ultrasound to develop regressions for last rib backfat, 1 oth rib back fat, and 
longissimus muscle area on live weight and prediction of carcass characteristics using real 
time ultrasound on pigs harvested at three end weights. Barrows and gilts were randomly 
selected into three harvest end weights at weaning (91, 104.5, and 118 kg, respectively). Pigs 
were scanned eight times from 20 kg to slaughter using an Aloka 210 DX. Correlations 
between actual, and ultrasound measurements of last rib fat, 10th rib fat, and longissmuss 
muscle area were high (r =0.91, 0.63, and 0.53, respectively) (Smith et al., 1992). Accuracy 
of ultrasound longissimus muscle area was lower for the 118 kg group than the two lighter 
groups. Ultrasound accuracy of last rib backf at was lower for the 91 kg group than the two 
heavier groups. Last rib fat and longissimus muscle area tended to be overestimated, while 
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101h rib fat was underestimated using ultrasound. Prediction of last rib fat was more accurate 
for gilts than barrows (Smith et al., 1992). 
Gresham et al. (1992) looked at using ultrasonography to predict pork carcass 
composition from the live animal in a commercial setting. The study looked at market 
barrows and gilts to test prediction equations to estimate carcass composition using real time 
live ultrasound measurements. Equations for the prediction of lean cut weight, boneless lean 
cuts, fat standardized lean, and percentage of fat standardized lean were most accurate with 
R2 values between .75 and .88 (Gresham et al., 1992). This study showed that although 
weight and sex are the greatest indicators in variation in carcass composition, using real-time 
ultrasound is a non invasive way to better predict differences in carcass composition of fat 
standardized lean (Gresham et al., 1992). 
Gresham et al. ( 1994) used one longitudinal ultrasonic scan to predict carcass 
characteristics of market hogs. Data was collected on barrows and gilts to determine 
accuracy and precison of a single longitudinal scan. Equations for predicting weight of 
boneless cuts and, weight of ham and loin, and percentage of standardized lean were most 
accurate with R2 values between .78 and .87 and RSD's of 1.30 and 1.92 kg (Gresham et al., 
1994). 
In 1989, McLaren et al. used serial real-time ultrasound measures of backfat and loin 
eye area to predict carcass characteristics. Weights and ultrasonic measures of last rib 
backfat and loin eye area were taken every two weeks on 48 barrows and 62 gilts. Data 
showed that correlations between all pre-slaughter and actual carcass measurements were 
0.55, for last rib fat, and 0.61 for loin muscle area (McLaren et al., 1989). Early measure up 
to 53 kg showed to have similar predictive power as pre-slaughter measurements and thus 
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serial ultrasound measurements could prove to be a valuable asset in selection of breeding 
stock or prediction of carcass composition (McLaren et al., 1989). 
Researchers have learned that ultrasound measurement accuracy is highly dependent 
on the technician. In 1993, the National Swine Improvement Federation established a 
training and certification program for swine ultrasound technicians to better standardize 
ultrasonic measurements for backfat and loin muscle area. This program includes 
informational workshops and lectures, technicians must then pass a written test and 
accurately ultrasound swine for both backfat and loin muscle area. This certification then 
allows the technician to go into the field and take and interpret images for producers 
(Moeller, 2002). The National Swine Improvement Federation has developed guidelines for 
the accuracy of technicians to both take and interpret images in relation to actual carcass 
measurements which can be found at wwwnsif.com/Factsheets/NSIF-FS16_files/NSIF-
F16.html. Because variance in carcass characteristics among a contemporary group is likely 
small, accuracy of the measurements is of utmost importance (Moeller, 2002). There are 
three accuracy components to evaluate each technician. Statistics are used to determine the 
prediction of carcass measurements and the repeatability of ultrasonic measurements. 
Standard Error of Prediction (SEP) is determined as the standard deviation of the difference 
between real time ultrasound and actual carcass measurements for a technician. Standard 
Error of the Difference (SED) is the mean squared error difference between repeated 
measurements, for the same animal, for a given technician. Lastly, Bias which is determined 
as the average amount a technician underestimates or overestimates back fat and loin muscle 
area for a given group of animals. The formulas for the above three components are as 
follows (Bates and Christian 1994 ): 
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Standard Error of Prediction (SEP) = 
L (Carcass; - Ultrasound; - Bias * )2 
N.-l 
l 
Where: I is a summation symbol 
Carcass is a measurement on carcass i 
Ultrasound is a measurement on pig i 
Bias is the average difference between carcass and ultrasound measures for 
the test group 
Ni is the total number of pigs scanned (Robinson et al., 1992). 
Standard Error of the Difference (SED) = L (Ultrasound; -Ultrasound j )2 
N;-l 
Where: I is a summation symbol 
Ultrasoundi is the first ultrasound measurement on a pig 
Ultrasoundj is the second ultrasound measurement on a pig 
Ni is the total number of pigs scanned 
(Bates and Christian, 1994) 
Certification standards established by the National Swine Improvement Federation are for 
SEP, SED, and bias and are .33 cm for 10th rib backfat, and 3.23 cm2 for loin muscle area 
(Moeller, 2002). 
Using Ultrasound to Assess Pregnancy Status 
Reproductive efficiency is vital to the success and profitability of any swine breeding 
farm. Determining early pregnancy using ultrasound can be a beneficial management tool to 
reduce number of non-productive sow days as well as alerting producers of sows who have 
reproductive problems. Early work done by Fraser and Robertson (1968) using a Doppler 
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ultrasound machine showed promise in detecting pregnancy in breeding females. Like 
prediction of carcass characteristics, this early work led to more research looking for 
innovative technologies and methodologies to more accurately assess pregnancy status earlier 
in gestation. A-mode ultrasound was later developed to diagnose pregnancy. This machine 
uses pulse echoes based on the presence or absence of a fluid-filled uterus. Although 
relatively accurate pregnancy can only be determined between 30 and 90 days of gestation 
with A-mode ultrasound (Lindahl et al.,1975). Coupled with this, incorrect transducer 
placement can cause false positives due to a urinary bladder; fluid filled uteri due to uterine 
infection also cause false positives (Almond and Dial, 1987). 
The technological development of the B-mode or real time ultrasound increased the 
ability to accurately detect pregnancy earlier in gestation (Moeller, 2002). Several studies 
(Inaba et al., 1983; Woodard et al., 1994 and Woodard et al., 1995) show that using real-time 
ultrasound for pregnancy detection is an extremely accurate method as early as 20 days post-
breeding. More recent work by Almond (1998) and Belstra (2000) used real-time ultrasound 
to detect retained piglets and placentas after parturition, and to diagnose reproductive 
problems such as cystic follicles and metritis. 
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ABSTRACT 
Growth and development of finishing pigs in bedded hoop and confinement buildings during 
summer and winter was evaluated using serial ultrasound measurements of backfat (BF) 
thickness and loin muscle (LM) area, and serial weighing. A summer trial (April through 
August 2000) and a winter trial (October 2000 through February 2001) were conducted. Pigs 
were housed in a hoop finishing building (9.1 x 18.3 m) designed to hold 150 pigs or a 
mechanically ventilated, totally slatted confinement building with six pens holding 22 pigs 
per pen. Identical corn-based diets were fed ad libitum to pigs from 16 to 124 kg. Forty-
eight pigs from the hoop building and eight pigs from each of the six pens in the confinement 
building were randomly selected and weighed and ultrasound images recorded every 14 d 
during the last 56 d of the finishing phase. Backfat accretion rates were greater for summer 
hoop pigs (SH) than summer confinement pigs (SC) at 80 kg (0.17 vs. 0.13 mm/d), 85 kg 
(0.17 vs. 0.13 mm/d), and at 90 kg (0.18 vs. 0.13 mm/d) (P < 0.05), but did not differ at 95 to 
115 kg. In winter, BF accretion rates did not differ from 80 to 105 kg, but winter hoop pigs 
(WH) had less BF accretion than winter confinement pigs (WC) at 110 kg (0.10 vs. 0.18 
mm/d) and 115 kg (0.09 vs. 0.21 mm/d) (P < 0.05). Loin muscle accretion rates did not 
differ at 80 and 85 kg or from 100 to 115 kg, but were less for SH than SC at 90 kg (24 vs. 35 
mm2/d) and at 95 kg (22 vs. 34 mm2/d) (P < 0.001). WH had greater LM accretion rates than 
WC at 80 kg (53 vs. 34 mm2/d), 85 kg (51 vs. 36 mm2/d), 90 kg (49 vs. 37 mm2/d), 95 kg (48 
vs. 37 mm2/d), 100 kg (47 vs. 35 mm2/d), 105 kg (46 vs. 32 mm2/d) and 115 kg (46 vs. 21 
mm2/d) (P < 0.05). Bodyweight gain (BWG) did not differ between SH and SC from 80 to 
95 kg and was greater for SH at 100 kg (928 vs. 837 g/d), 105 kg (984 vs. 837 g/d), 110 kg 
(1051 vs. 872 g/d) and at 115 kg (1130 vs. 899 g/d) (P < 0.05). Bodyweight gain did not 
differ for WH and WC pigs from 100 to 115 kg, but was less for WH than WC at 80 kg (681 
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vs. 869 g/d), 85 kg (691 vs. 861 g/d), 90 kg (713 vs. 858 g/d)(P< 0.001), and 95 kg (746 vs. 
860 g/d; P < 0.05). These results indicate that performance of finishing pigs is dependent on 
thermal environment, and that hoop-reared pigs (particularly in winter) may compensate for a 
lag in performance early in the finishing period with greater accretion rates of LM and BW 
and lower accretion rates of BF later in the finishing period. 
Introduction 
Due to high fixed costs and increased pressure from environmental, community, and 
animal welfare interests, alternatives to confinement pig finishing systems have received 
interest in the last decade. One alternative being adopted is hoop buildings (Honeyman et al., 
2001b). Hoop buildings are quonset-shaped, with a tarp pulled tightly over trusses and 
attached to sidewalls. Pigs are kept inside the structure and the majority of the floor is 
covered with bedding, usually cornstalks or straw (MWPS, 2004). Waterers and feeders are 
placed on a concrete pad. 
Gadd ( 1993) documented the use of tunnel housing in Japan for finishing pigs, and 
researchers in Canada transferred this technology into the hoop building. Canadian finishing 
pig performance was documented by Connor (1993, 1994, 1997) and was similar to pigs 
finished in confinement. Research by Honeyman and Harmon (2003) indicated that pigs 
reared in hoop and confinement buildings performed similarly, with seasonal variations in 
the hoop building. 
Real-time ultrasound has been an accurate technology to predict carcass composition 
since the early 1990s (Moeller, 2002). Serial ultrasound imaging (repeated measurements of 
the same animal over a period of time) has been used to better understand swine growth and 
development, particularly backfat (BF) and loin muscle (LM) accretion rates. As pigs reach 
the point of inflection on their growth curve, protein accretion rates decline and fat 
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deposition rates increase (Whittemore, 1998). Rearing environment influences the ability of 
pigs to maximize protein accretion (Moughan et al., 1995). 
Growth and development of pigs has been extensively studied, however, comparisons 
between alternative building systems have not been widely made. The objective of this study 
was to evaluate the effects of season and building type on finishing pig growth and 
development. By obtaining serial weight and ultrasound measurements, comparisons of 
weight gain, and BF and LM accretion could be made between hoop- and confinement-reared 
pigs in summer and winter. 
Materials and Methods 
In this study, pigs reared in a hoop building or conventional finisher building were 
weighed, and backfat and loin muscle area measurements were taken using real-time 
ultrasound five times during the finishing phase. These data were used to evaluate 
environmental effects on growth and on the deposition of loin muscle and backfat of pigs 
reared in the two housing systems. 
Animals 
All pigs for the experiment were from terminal Duroc boars crossed with 
predominantly white sows. Pigs were regarded as high health status and showed no clinical 
signs of infectious disease, including porcine reproductive and respiratory syndrome (PRRS). 
The groups consisted of approximately half barrows and gilts, and weaning groups were 
randomly assigned to housing systems. Pigs entering a building were all weaned at the same 
time, and entered the two buildings types weighing 16 kg and were marketed at 124 kg 
(Honeyman and Harmon, 2003). In the summer (Apr. through Aug., 2000), 152 pigs were 
placed in the hoop building and 22 pigs were placed in each of the six confinement pens. 
There were 141 pigs marketed from the hoop building and 127 pigs marketed from the 
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confinement building. In the winter (Oct. 2000 through Feb. 2001), 154 pigs were placed in 
the hoop building and 22 pigs were placed in each of the six confinement pens. There were 
140 pigs marketed from the hoop building and 127 pigs were marketed from the confinement 
building. 
Forty-eight pigs were randomly selected from the hoop building pen for serial 
scanning in each season. Eight pigs from each of the six confinement pens were randomly 
selected for serial scanning in each season. Distribution of records is presented in Table 1. 
All pigs were finished at the Hoop Research Complex at the Rhodes Research Farm near 
Rhodes, IA. At the beginning of the trial, all pigs were vaccinated for erysipelas (Grand 
Laboratories, Larchwood, IA) and dewormed with injectable ivermectin (Merial Ltd., Iselin, 
NJ). At 55 kg bodyweight (BW) all pigs were dewormed again with senbendazole (Intervet, 
Millsboro, DE) in the feed (Honeyman and Harmon, 2003). 
Pigs were harvested at a commercial packing plant (Excel Corp., Ottumwa,). 
Marketing began when the pigs in a building attained an average weight of 109 kg. There 
were two marketings for each building. On the first marketing, all pigs weighing 109 kg or 
more were marketed. All pigs less than 109 kg remained in the building until the average 
weight of the building was 107 kg and all pigs were then marketed from the building. Only 
marketed pigs were included in the analysis. Sick or injured pigs that were deemed unable to 
recover were euthanized by captive bolt. Pigs were culled based on conditions that would 
make them unacceptable to the packer (i.e., umbilical, hernia, rectal prolapse, lameness) and 
were marketed alternatively (Honeyman and Harmon, 2003). Light pigs were marketed at 
the packing plant but weighed less than 100 kg bodyweight. Mortalities, culls, and light pigs 
were excluded from the study. The percentage of mortalities, culls, and light pigs was 
similar for each building type and season. Animal housing and care was conducted under the 
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supervision of the Iowa State University Committee on Animal Care log no. 1-8-3774-1-S, 
and in accordance with the Guide for the Care and Use for Agricultural Animals in 
Agricultural Research and Teaching (FASS, 1999). 
Weighing and Scanning 
All pigs in the hoop and confinement buildings were weighed at approximately 28 d 
intervals in the morning after feed had been removed for approximately 12 h. Pigs selected 
for serial scanning were weighed and scanned every 14 d for the last 56 d of the finishing 
period. All pigs were scanned and images were analyzed by a National Swine Improvement 
Federation certified ultrasound technician. The ultrasound machine used was an Aloka 500 
V SSD ultrasound machine fitted with a 3.5-MHz, 12.5-cm linear-array transducer. The 
experiment was designed so that each pig selected at the beginning of the trial for the serial 
scan portion of the experiment was to be weighed and scanned five times at approximately 
14 d intervals the last 56 d of finishing. However, some pigs were not scanned all five times. 
Scan event two for winter confinement pigs and scan event three for winter hoop pigs were 
unable to be conducted due to inclement weather. Raw means and standard deviations of 
each weigh event are shown in table 2 for summer and table 3 for winter. 
Housing 
For this experiment one hoop building and one totally slatted, mechanically ventilated 
confinement building were used. Dimensions of the hoop building were 9.1mx18.3 m and 
held approximately 150 pigs in one large pen. The confinement building had six pens that 
each housed 22 pigs, and each pen had an area of 4.1 m x 4.0 m. (Honeyman and Harmon, 
2003). 
The hoop building was operated as an open air, unheated structure, and large round 
bales of cornstalks were used for bedding. Bales were unrolled in the hoop building to create 
38 
a layer of bedding about 22 cm thick and bales were unwrapped and placed on end before 
pigs were placed in the building. Bedding was added as needed to maintain a dry bedding 
pack. During winter, the north end of the building was closed except for a vent at the top to 
prevent condensation inside the building. In summer, both ends of the hoop building were 
left open and a temperature activated sprinkler system ran on a timer. There was a concrete 
pad (5.5 x 9.1 m) at the south end of the building where feeders and waterers were placed. 
The confinement building used a variable speed fan to maintain a sufficient minimum 
negative ventilation rate in the winter. Artificial heat was supplemented using a propane air 
heater (L.B. White, Onalaska, WI) to maintain a minimum air temperature. Minimum 
temperature was set at 24° C when pigs were placed in the building and was reduced 2° C 
each week until 16° C was reached (Honeyman and Harmon, 2003). In the summer, a 
mechanical negative ventilation system was used along with circulating fans and a sprinkler 
system activated at 32° C and was on a timer (2 min on, 8 min off) to reduce heat stress. 
Diets 
All pigs were fed the same five diets in phase ad libitum during the trials according to 
published nutrient guidelines (NRC, 1998). All diets were corn-soy based and fed in meal 
form of 650 to 750 microns. Two round feeders with twelve spaces each, and two waterers 
with two spaces each were used in the hoop building. In the confinement building, one round 
feeder with eight spaces and four nipple waterers were used in each pen (Honeyman and 
Harmon, 2003). Feed was weighed when placed in feeders. Every 28 d, feeders were 
emptied and feed disappearance was recorded. Feed wastage was minimized by feeder 
adjustment, but feed wastage was not measured or estimated. 
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Data Analysis 
Off-test measures. Pig weights and ultrasound measurements were used at the off-test 
weigh period to calculate average daily gain (ADG), lean gain on test (LGOT), tenth-rib 
backfat (BF), and loin muscle area (LM). Least squares means and corresponding standard 
errors were calculated using the PROC MIXED procedure in SAS (SAS Inst. Inc., Cary, 
NC). The model for ADG and LGOT contained fixed effects of building, season, and 
gender, and also included a linear covariate for on-test weight. The model for BF and LMA 
included fixed effects of building, season, gender, and a linear covariate for off-test weight. 
All two way interactions were included in the full model and all interactions of non-
significance were eliminated. 
Serially measured traits. Traits measured serially were BF, LMA, and BW. A 
random regression model was fit to the serial data using SAS (SAS Inst. Inc., Cary, NC) to 
model covariances between repeated records. The model used to evaluate growth patterns of 
serially measured traits included similar effects for the model described previously of 
building, and season, along with the addition of fixed and random curves. Interactions of 2nd 
order polynomial terms with building were also fit for the evaluations of BF, LMA, and BW. 
A 1st order polynomial was fit for the random curves of BF, LMA, and BW. An unstructured 
covariance structure was fit for the random terms and an auto-regressive covariance structure 
was fit for the residuals. All two-way interactions were evaluated but were not significant 
and were dropped from the model. Repeated records from scanning and weighing were used 
for the random regression model (SAS Inst. Inc., Cary, NC). LS means from 80 to 115 kg at 
5 kg increments were calculated to develop figures 1-9. 
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Results and Discussion 
Least squares means for the effect of season and building type on growth 
performance and ultrasonically measured carcass composition traits are presented in Tables 4 
and5. 
Growth Performance 
Off-test average daily gain. Average daily gain (ADG) did not differ between 
building type averaged over both seasons (P > 0.05) (Table 4). Differences (P < 0.001) were 
detected for ADG between summer (802 g/d ± 6) and winter (844 g/d ± 6) for the 
confinement building. This difference may be explained by heat stress caused by warm 
temperatures in the summer season which may reduce feed intake and increase the 
maintenance requirements of the pigs. Pigs in confinement buildings in the winter are more 
likely to be at a thermal neutral temperature. No difference (P > 0.05) between seasons was 
found for ADG in the hoop building. There was a difference (P < 0.05) for ADG between 
the hoop building (819 g/d ± 6) and the confinement building (802 g/d ± 6) during the 
summer season (Table 4). These results may indicate that hoop pigs have less heat stress 
than confinement pigs due to the open-air ventilation and their ability to find a cooler 
microenvironment. There was no difference in ADG between building type for the winter 
season (P > 0.05) (Table 5). These results conflict with those reported by Lopez et al. (1991) 
and Mangold et al. ( 1967) where pigs reared in cold environments grew slower than pigs 
reared at thermo-neutrality. This difference may be due to several reasons. In hoop 
buildings, pigs have the ability to find a suitable microclimate by burrowing deep into the 
bedding pack to reduce heat loss by conduction, and reducing draft exposure, thus the 
effective temperature for the pigs is much closer to thermo-neutrality than the ambient 
temperature (Larson et al., 2000). Honeyman et al. (2001a) reported that the composting 
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bedding pack in the building generated temperatures of 40° Cat 15 to 30-cm depths and 30° 
C over half of the bedding pack area. This decomposition can result in an increase in 
temperature inside the hoop building of 3.3 to 4.4° C on the coldest days in winter (Harmon 
and Xin, 1996), and perhaps even warmer temperatures for the effective zone that the pigs 
occupy due to a reduction in heat loss from conduction and convection. 
Off-test lean gain on test. On-test kilograms of lean and off-test kilograms of lean 
were calculated using the following formula from the National Pork Producers Council 
(NPPC, 2000). 
Off-test lean (kg) = 0.3782 x sex (barrow and boar= 1; gilt= 2) - 2.9488 x (BFlO, 
cm)+ 0.3817 x (LMA, cm2) + 0.291 x (off-test weight, kg)- 0.2424 
On-test lean (kg)= 0.188 x (on-test weight, kg) - 1.644 
Lean gain on test (LGOT) was calculated by subtracting on-test lean from off-test lean and 
dividing by the number of days on test. 
Lean gain on test was 6 g/d more in the confinement building over the entire test 
period (P < 0.05) (Table 4). Comparing seasons the pigs reared in the confinement building 
had a LGOT that was 9.2 g/d more during summer (P < 0.05). Lean gain on test was 26.3 
g/d more in summer than in winter for the hoop building (P < 0.001). In summer, LGOT was 
more for confinement-reared pigs (346 g/d ± 55 vs. 338 ± 55 g/d) than hoop-reared pigs (P < 
0.05). In winter, confinement LGOT was 14.5 g/d more than in hoop buildings (P < 0.001). 
Average daily gain was not depressed in pigs reared in hoops in the winter, probably because 
of an increase in feed intake. Small differences in carcass composition, particularly LMA, 
can affect LGOT (Schwab et al., 2005). In winter, hoop-reared pigs were leaner, i.e. less 
backfat, (P < 0.05) but also had smaller LM (P < 0.001) than confinement pigs which may 
explain why they also had a poorer LGOT (Table 5). 
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Ultrasonically Measured Carcass Composition 
Off-test loin muscle area. Loin muscle area (LM) difference between building type 
was 1.87 cm2 more over the entire trial period for confinement-reared pigs (P < 0.001) (Table 
4). Loin muscle area did not differ between seasons for the confinement building, however, 
hoop-reared pigs in the summer had 3.23 cm2 larger LM area than hoop-reared pigs in the 
winter (P < 0.001). Between building comparisons by season did not differ in the summer 
but in the winter, hoop-reared pigs had 3.1 cm2 smaller LM than confinement reared pigs (P 
< 0.001) (Table 5). According to Moughan et al. (1995), pigs with the same genotype may 
have different upper limits of protein deposition (PDmax), depending on environment. The 
type of housing system may influence the PDmax of pigs housed in it, and the influence may 
vary, depending on the season. 
Off-test backfat. Overall, backfat (BF) was 6 mm more for confinement-reared pigs 
than hoop-reared pigs (P < 0.05) (Table 4). Also BF between buildings in the winter was 8.7 
mm less for hoop-reared pigs compared to confinement-reared pigs (P < 0.05). However the 
difference in BF between buildings did not differ in the summer. Thickness of BF between 
seasons for each building (hoop and confinement) did not differ (Table 5). 
Serially Measured Traits 
Daily accretion rates and cumulative curves of LMA and BF for hoop-reared and 
confinement-reared pigs are plotted in Figures 1-6. Body weight gain/d by BW is plotted in 
Figures 7-9. Accretion rates for LMA, BF and BW for pigs from 80 to 115 kg are shown in 
Table 6. The analysis of the serially measured traits showed that growth and loin muscle and 
backfat accretion may be dependent on building type and thermal environment. 
Backfat. There was no difference between hoop- and confinement-reared pigs for cumulative 
BF thickness measurements from 80 to 115 kg BW when seasons were combined, or in 
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summer or winter (Figures 1-3). When winter and summer seasons were combined, hoop-
reared pigs had 0.04 mm/d greater BF accretion rates at 80 and 85 kg BW (P < 0.05). There 
was no difference in BF accretion rates from 90 to 110 kg BW. At 115 kg, hoop-reared pigs 
had 0.09 mm/d less accretion than confinement-reared pigs (P < 0.05) (Figure 1). 
Comparison of pigs reared in hoop and confinement buildings during summer (Figure 
2) illustrates that daily accretion rates are greater for hoop-reared pigs by 0.04, 0.05, and 0.05 
mm at 80, 85, and 90 kg BW, respectively (P < 0.05). There were no differences detected 
from 95 to 115 kg. At 105 kg, the accretion curves for the two building types cross and 
confinement-reared pigs began depositing BF at a greater rate than at lighter weights (Figure 
2). Although accretion rates do not differ at 115 kg between building type, if the trend 
continued, at heavier weights some differences would occur and the confinement-reared pigs 
would accrete BF at a greater rate than the hoop-reared pigs (Figure 2). 
Comparison of BF accretion rates in winter for hoop and confinement buildings 
showed no difference from 80 to 105 kg BW (Figure 3). At 110 and 115 kg BW, accretion 
rates for confinement-reared pigs were 0.082 and 0.119 mm greater than hoop-reared pigs, 
respectively (P < 0.05) (Figure 3). In both (Figures 2 and 3), the hoop-reared pigs deposited 
BF at a more constant rate from 80 to 115 kg than the confinement-reared pigs. Confinement 
pigs tended to deposit less fat at lighter weights and increased the rate of BF deposition as 
their weight increased. Because the diets of both buildings were the same and hoop pigs 
generally had a greater ADFI (Honeyman and Harmon, 2003), the hoop-reared pigs in the 
summer received more metabolizable energy (ME) than the confinement pigs at the same 
weight. This increase in ME resulted in hoop-reared pigs depositing more BF/d than 
confinement pigs at 80 to 90 kg BW in summer when their energy need for maintenance was 
similar to the pigs reared in confinement. 
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Loin muscle area. When summer and winter seasons are combined, and in summer 
there was no difference in cumulative LMA measurements from 80 to 115 kg (Figures 4-5). 
However, in winter cumulative LMA measurements are greater for confinement-reared pigs 
from 80 to 90 kg (P < 0.001) and from 95 to 115 kg BW (P < 0.05) (Figure 6). 
In summer, LM accretion rates for hoop- and confinement-reared pigs differed at 85 
and 105 kg BW (P < 0.05). From 90 to 100 kg BW, accretion rates also differed (P < 0.001). 
From 85 to 110 kg BW confinement-pigs have greater LM accretion rates than hoop-reared 
pigs. At 80 kg and 115 kg BW LM accretion rates are similar. Between those weights, the 
confinement-reared pig accretion rates increase slightly, and hoop-reared pig accretion rates 
decrease slightly creating the difference in rates (Figure 5). The difference in accretion rates 
are probably due to the difference in rearing environment. 
In winter, LM accretion rates were greater for hoop-reared pigs than confinement-
reared pigs from 80 to 105 kg (P < 0.05) and at 110 and 115 kg BW (P < 0.001) (Figure 6). 
Greater LM accretion rates for hoop-reared pigs from 80 to 115 kg BW may suggest that they 
are still in the linear phase of their growth curve. 
When studying BF and LM accretion curves for summer and winter, some 
generalities can be made (Figures 2, 3, 5 and 6). In both seasons, hoop-reared pigs had more 
constant rates of accretion from 80 to 115 kg for BF and LM. Confinement pigs increased 
BF deposition and decreased LM accretion rates beginning at 100 kg. These differences 
between building type may be due to the lag in performance hoop pigs experience due to 
environmental variation when placed in the hoop building. Thus hoop-reared pigs from 80 to 
115 kg may not have reached the inflection point of their growth curve, which may explain 
the increase in BF accretion and decrease in LM accretion had not occurred by 115 kg BW. 
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Additionally, growth (BW gain) is more constant in confinement buildings during 
both seasons which may also be a reflection of fewer environmental stressors in the earlier 
stages of finishing (Figures 7, 8, 9). The more neutral environment may cause confinement-
reared pigs to reach the point of inflection on their growth curve at a lighter weight. As a 
result, BF accretion rates in confinement were increasing while LM accretion rates were 
decreasing after 100 kg BW. Accordingly, the LM accretion rates for hoop-reared pigs from 
80 to 115 kg are greater than in the other building/season sub-groups. Pigs reared in an open-
air structure in the winter should have the most difficulty adapting from the heated nursery to 
the cold hoop finishing building and a more severe lag in performance would occur (Larson 
et al., 2003). Hoop-reared pigs in winter may be in the linear phase of their growth curve as 
evidenced by the greater LM accretion rates and lower BF accretion rates in relation to the 
other building/season sub groups (Figures 2, 3, 5 and 6). 
Daily bodyweight gain. When combining summer and winter seasons, the daily 
bodyweight gain (BW gain) of hoop-reared pigs was 86 g/d less at 80 kg and 68 g/d less at 
85 kg BW than confinement-reared pigs, and there was no difference from 90 to 115 kg BW 
(Figure 7). In summer, BW gain curves differed when comparing hoop- and confinement-
reared pigs (Figures 8). Hoop- and confinement-reared pigs have similar BW gains from 80 
to 90 kg and then there was a sharp increase in BW gain from 90 to 115 kg for the hoop-
reared pigs. The BW gain of hoop-reared pigs was 91 g/d greater at 100 kg, 132 g/d greater 
at 105 kg, 179 g/d greater at 110 kg, and 231 g/d greater at 115 kg BW (P < 0.05). In winter, 
BW gain curves for hoop- and confinement-reared pigs have the same shape as summer 
(Figures 8 and 9). However the daily BW gain for hoop-reared pigs was 188 g/d less at 
80kg, 170 g/d less at 85 kg, and 145 g/d less at 90 kg BW than for confinement-reared pigs 
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(P < 0.001) (Figure 4). At 95 kg, BW gain was 114 g/d less (P < 0.05). At 100 to 115 kg 
BW, BW gain was similar between both building types (Figure 9). 
The difference in daily BW gain is probably due to environment. The hoop-reared 
pigs may have experienced some compensatory gain once they reached a weight where they 
could overcome the effects of temperature on their maintenance needs. As their maintenance 
needs were reduced in relation to their BW and average daily feed intake, an increase in 
growth rate may occur due to the increase in available nutrients 
Implications 
Although overall pig performance in hoop and confinement buildings is similar, some 
differences in accretion rates for bodyweight, backfat, and loin muscle area occurred from 80 
to 115 kg during the finishing period. These differences are probably due to seasonal 
variation in thermal environment. Performance of pigs reared in hoop buildings may be 
compromised early in the finishing period by their inability to overcome the difference 
between temperature and thermo-neutrality. However, it appears that hoop-reared pigs 
compensated for earlier lags in performance by increased BW gain and LM accretion, along 
with less BF deposition compared to pigs in confinement at the same BW. Research 
studying accretion rates of pigs at a wider range of bodyweights may be needed to better 
understand the effects of environment and building type on pig performance. This study 
provides some evidence to justify feeding pigs in hoops to heavier weights. 
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Table 1. Distribution of records and test weights from a study comparing pigs reared 
in hoop and confinement buildings in summer and winter. 
Number of Observations 
Summer Winter 
ltem1 Total Hool! Confinement HOOE Confinement 
Trait Category 
No. on trial, hd .. 535 141 127 140 127 
Serial measured, hd. 181 47 45 44 45 
Avg. on-test wt., kg 16.3 16.8 15.9 17.2 
Avg. off-test wt., kg 103.7 102.9 126.4 124.3 
1Serial measured= Tenth-rib backfat, loin muscle area, and bodyweight 
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Table 2. Raw means± (SD) for serial bodyweight measures of pigs reared in hoop 
and confinement buildings in summer. 
Hoop Confinement 
Item Date Weight, kg Date Weight, kg 
Weigh 1 6116100 54.1 ± (5.9) 6130100 55.7 ± (4.6) 
Weigh 2 6130100 69.1 ± (6.7) 7114/00 66.5 ± (5.4) 
Weigh 3 7114/00 81.3 ± (7.2) 7/28/00 79.l ±(7.1) 
Weigh 4 7/28/00 91.7 ± (8.3) 8/11/00 90.4 ± (6.6) 
Weigh 5 8/11/00 104.8 ± (8.8) 8/25/00 103.5 ± (7 .9) 
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Table 3. Raw means± (SD) for serial bodyweight measures of pigs reared in hoop and 
confinement buildings in winter. 
Hoop Confinement 
Item Date Weight, kg Date Weight, kg 
Weigh 1 11121/00 59.4 ± (9.2) 12/05/00 56.0 ± (6.2) 
Weigh 2 12/05/00 64.5 ± (6.3) 12119/00 70.1 ± (7.9) 
Weigh 3 12/19/00 80.0 ± (7.0) 1/04/01 84.3 ± (8.6) 
Weigh 4 1/04/01 90.5 ± (9.5) 1118/01 97.0 ± (9.2) 
Weigh 5 1/18/01 101.8 ± (8.9) 2/01/01 107.1± (9.7) 
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Table 4. Least squares means ± (SE) for ultrasonic and growth performance measures 
of pigs reared in hoop and confinement buildings (summer and winter combined). 








20 ± (2) 21 ± (2) 
42.7 ± (0.3)a 44.6 ± (0.3)b 
827 ± (4) 824 ± (4) 
LGOT, g/day 336 ± (2)a 342 ± (2)b 
1BF = Tenth-rib backfat; LMA = Loin muscle area; ADG = Average daily gain; LGOT 
= Lean gain on test 























































































































































































































































































































































































Table 6. Least squares means (±SE) for daily accretion rates of backfat, loin muscle 
area, and bodyweight, in relation to body weight for hoop and confinement-reared pigs 
in summer and winter. 
Summer Winter 
Item1 Hoop Confinement Hoop Confinement 
80kg 
BF,mm/d 0.17 ± (0.01)" 0.13 ± (O.Ol)b 0.09 ± (0.03)b 0.11 ± (0.03)b 
LMA, mm2/d 28 ± (l.5)b 31 ± (1.4)b 53 ± (4.3)" 34 ± (2.9)b 
BW, g/d 818±(2)" 838 ± (2)a 681 ± (2)b 869 ± (2)3 
85kg 
BF, mm/d 0.17 ± (0.01)" 0.13 ± (O.Ol)b 0.10 ± (0.03)b 0.11 ± (0.02)b 
LMA, mm2/d 26 ± (1.6)b 34 ± (l.5)b 51 ± (4.2)" 36 ± (2.8)b 
BW, g/d 829 ± (2)a 829 ± (2)a 691 ± (2)b 861 ± (2)a 
90kg 
BF,mm/d 0.18 ± (0.02)" 0.13 ± (0.02)b 0.10 ± (0.03)b 0.11 ± (0.02)b 
LMA,mm2/d 24 ± (1.7)c 35 ± (l.6)b 49 ± (4.1)" 37 ± (2.6)b 
BW, g/d 850 ± (2)a 826 ± (2)" 713 ± (2)b 858 ± (2)" 
95kg 
BF, mm/d 0.18 ± (0.02)a 0.14 ± (0.02)a,b 0.10 ± (0.03)b 0.12 ± (0.02)b 
LMA, mm2/d 22 ± (l.7)c 34 ± (1.7)b 48 ± (3.9)a 37 ± (2.3)b 
BW, g/d 883 ± (2)" 829 ± (2)" 746 ± (2)b 860 ± (2)a 
lOOkg 
BF,mm/d 0.18 ± (0.02)" 0.15 ± (0.02)"·b 0.10 ± (0.03)b 0.14 ± (0.02)a,b 
LMA, mm2/d 21 ± (1.8)c 32 ± (l.9)b 47 ± (3.7)" 35 ± (2. l)b 
BW, g/d 928 ± (2)a 837 ± (2)b 790 ± (3)b 869 ± (2)a,b 
105kg 
BF, mm/d 0.18 ± (0.02)a 0.18 ± (0.02)a 0.10 ± (0.03)b 0.16 ± (0.02)"•b 
LMA, mm2/d 21± (2.l)c 29± (2.2)b 46± (3.7)" 32± (2.0)b 
BW, g/d 984 ± (3)a 852 ± (3)b 846 ± (3)b 883 ± (3)b 
llOkg 
BF,mm/d 0.17 ± (0.03)a 0.20 ± (0.03)" 0.10 ± (0.03)b 0.18 ± (0.02)" 
LMA, mm2/d 20 ± (3.0)b 25 ± (2.8)b 46 ± (3.9)3 27 ± (2.3)b 
BW, g/d 1051 ± (4)a 872 ± (4)b 913±(4)b 904 ± (4)b 
115kg 
BF,mm/d 0.17 ± (0.04)" 0.23 ± (0.03)" 0.09 ± (0.04 )b 0.21 ± (0.03)a 
LMA, mm2/d 20 ± (4.2)b 19 ± (3.8)b 46 ± (4.7)a 21 ± (3.l)b 
BW, g/d 1130 ± (6)" 899 ± (6)b 992 ± (6)b 929 ± (5)b 
1BF =Tenth-rib backfat; LMA =Loin muscle area; BW= Bodyweight 
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Figure 1. Cumulative and daily accretion curves for backfat of pigs reared in hoop and 
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Figure 2. Cumulative and daily accretion curves for backfat of pigs reared in hoop and 
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Figure 3. Cumulative and daily accretion curves for backfat of pigs reared in hoop and 
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Figure 4. Comparisons of cumulative and daily accretion curves for loin muscle area of pigs 
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Figure 5. Cumulative and daily accretion curves for loin muscle area of pigs reared in hoop 
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Figure 6. Cumulative and daily accretion curves for loin muscle area of pigs reared in hoop 
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Figure 7. Comparisons of daily bodyweight gain of pigs reared in hoop and confinement 
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Figure 8. Comparison of daily bodyweight gain of pigs reared in hoop and confinement 
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Figure 9. Comparison of bodyweight gain curves of pigs reared in hoop and confinement 
buildings in winter 
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CHAPTER 4. GENERAL SUMMARY 
In recent years the swine industry has seen a trend towards larger-scaled, highly-
integrated operations in an attempt to combat shrinking margins and increased volatility of 
markets. Confinement buildings give producers the ability to better control pig environment, 
and also allow more pigs to be produced in a smaller area. Although these buildings are 
considered to be the most efficient, their high cost of construction and growing concerns of 
their impact on the environment, worker health, and animal comfort have led some producers 
to look for alternative housing systems. One low-cost alternative to confinement buildings is 
hoop buildings. Hoop buildings have been available to U.S. swine producers since the mid-
nineties, but limited research was available on their viability for pig production . 
• 
The objective of this study was to further understand the similarities and differences 
of finishing pig production in hoop and confinement buildings. The major goal was to study 
the environmental impact on growth and tissue accretion of finishing pigs in the two different 
systems. This information would then allow producers to make modifications to current 
production schemes that may allow pigs to grow more efficiently in a specific housing 
system. 
Results from this study indicate that there are environmental effects on growth and 
development in hoop and confinement buildings. Although pigs fed in hoop and 
confinement buildings reach market weight at about the same tiine, tissue accretion rates and 
bodyweight gain from 80 to 115 kg were not always the same for pigs reared in hoop and 
confinement buildings in different seasons (summer and winter). In both seasons, hoop pigs 
had a more constant rate of accretion for BF and LM. By 115 kg, confinement-reared pigs 
had started decreasing their LM accretion rates and BF deposition was increasing, 
demonstrating that they may be reaching the inflexion point on their growth curve. Hoop-
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reared pigs did not show this trend as distinctly as confinement-reared pigs which may 
demonstrate that the hoop-reared pigs have not yet reached the inflexion point on their 
growth curve by 115 kg BW. In winter, hoop-reared pigs had greater accretion rates for LM 
than confinement-reared pigs from 80 to 115 kg which may further indicate some 
compensation from poorer performance early in the finishing period. For hoop-reared pigs, 
daily BW gain in both seasons was equal to or less than that of confinement-reared pigs at 80 
kg but was greater by 115 kg BW. This indicates that pigs reared in hoop buildings may not 
be able to overcome challenges posed by the winter environment early in the finishing 
period. Once they were able to overcome these environmental challenges, a rapid increase in 
growth was seen. In an attempt to minimize environmental challenges early in the finishing 
period, pigs may need to be heavier when entering hoop buildings or supplemental heat may 
need to be provided. 
Because this study is a comparison between systems, some variables which may 
cause differences in performance are difficult to quantify. In order to optimize efficiency of 
pigs in hoop buildings, modifications to current production practices may be necessary. The 
data suggest that hoop-reared pigs at market weight (115 kg) have not reached the level of 
physiological maturity when LM accretion rates begin to decline and BF deposition rates 
increase similar to confinement-reared pigs. Hoop-reared pigs may need to be fed to heavier 
weights before marketing to increase their overall performance. Feeding only gilts to heavier 
market weights in hoop buildings could produce pigs that are still lean enough to be 
acceptable to the packer. Diet modifications may also need to be addressed. In summer, 
hoop pigs are fatter and eat more. Lowering the metabolizable energy in the summer hoop 
pig diets may reduce the amount of backfat that they deposit and add more value when they 
are sold on a lean-value based system. 
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These differences in growth and development are due to temperature, social structure, 
pen size, and feed and water accessibility, and should be researched more extensively in an 
attempt to better quantify the differences between these two systems. 
Currently finishing pig production in the United States is based on producing the 
most pounds of pork at the lowest cost possible. This practice is shaped by consumer 
acceptance or preference, the economy, and legislation. Although current finishing pig 
production practices may remain unchanged in the near future, alternatives must constantly 
be evaluated in an attempt to look for more efficient, profitable, socially acceptable, or 
sustainable methods of pig production. 
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